Objective: We evaluated the feasibility and impact of prospective medication review (PMR) in the emergency department (ED). Methods: This was a retrospective cohort study of all nonadmitted ED patients who were prescribed medication orders by ED clinicians from September 2014 to September 2015 to determine the time intervals utilized during each step of the medication use process and quantify the number of interventions conducted by the pharmacist and cost avoidance accrued from the interventions. Results: A total of 834 medication orders were included for evaluation. The median time for order verification, order verification to dispense, and dispense to administration were 3 minutes (interquartile range [IQR] ¼ 1-7 minutes), 20 minutes (IQR ¼ 7-45 minutes), and 10 minutes (IQR ¼ 6-16 minutes). The median time interval for order verification was longer during the overnight pharmacy shift (median ¼ 5 minutes, IQR ¼ 2-9 minutes) compared to the day and evening shifts (median ¼ 3 minutes, IQR ¼ 1-6 minutes). A total of 563 interventions were recommended by the pharmacists and accepted by ED clinicians. These interventions equated to US$47 585 worth of cost avoidance. Conclusion: The PMR is a feasible process that resulted in safe and effective use of medications without causing delays to patient care.
Introduction Background
The emergency department (ED) has an evolving role toward rising health-care costs, owing to the substantial increases in utilization for both urgent and nonurgent patient care. Aside from providing 24-hour emergency medical services, it also serves as a hub that provides, within its capabilities, medical care for any patient, regardless of payer status. 1, 2 According to the latest data from the Centers of Disease Control and Prevention, it is estimated that there are more than 130 million ED patient visits annually. 3 The EDs are often challenged to provide safe, effective, time-, and cost-efficient health-care to patients with a board variety of medical complications. 2, 4 These expectations often lead to compromises that result in EDs operating at overcapacity with the minimum amount of resources. 4, 5 In fact, it has been reported that at least 90% of EDs located in New York (90%), Florida (92%), and Texas (95%) are overcrowded. 5 Thus, ED clinicians often find themselves working in a crowded, fast-paced, and stressful environment that is typically defined by high patient volume, complex patient acuity, and staff shortages. 5 These factors have been attributed to the cause of frequent medication errors in EDs. 6 Many medication errors are considered preventable. Yet, the tangible costs and those required to manage them exceed more than US$3.5 billion. 7 It is estimated that up to 2.3 medications are prescribed during each ED visit, accounting for more than 190 million medication orders annually. 8 Literature estimates the rate of medication errors in the ED to range between 3% and 14%, affecting up to 60% of patients who are managed in the ED. 6, 7, 9 The rate of error in pediatric EDs is estimated to be as high as 39%. 6 Various phases of the medication use process are cited as a common origin of medication errors. In a study which evaluated the medication error occurrences in 4 academic EDs, the majority of errors originated from the prescribing (53.9%), administrating (34.8%), followed by transcribing phases (10.7%) of the medication use process. 9 In another study which reviewed 11 000 medication errors from 484 EDs, the following processes were cited as the error source: administrating (45%), prescribing (29%), and dispensing (9%). 10 
Importance
The capacity of beneficial services an ED pharmacist (EDP) provides in minimizing medication errors has been described in emergency medicine and clinical pharmacy literature. 2, 8, [11] [12] [13] [14] [15] [16] [17] [18] [19] The flagship service that an EDP offers to best minimize medications errors is prospective medication review (PMR). PMR is preferred to minimize patient harm, as it allows the medication error to be captured prior to reaching the patient. During the medication use process, it is reported that medication error interceptions are primarily performed by pharmacists in the medication order review process. 9 However, the necessity and practicality of PMR is constantly questioned due to concerns of delays to patient care and increased length of stay. Expert opinions have even suggested that PMR "will not improve the quality of patient care or safety" and that "PMR of ED medication order would consume 15 to 30 minutes or more." 20 Furthermore, in 2006, the Joint Commission revised its medication management standard for medication review to the following: "All drug orders should be reviewed by a pharmacist for appropriateness, unless it is an urgent situation or a licensed independent practitioner controls the ordering, dispensing, and administration of the medication." 21, 22 This revision further dissuaded the implementation of PMR in EDs on a national level as the mandate did not require a pharmacist to review medication orders prior to dispense for administration to the patient.
Goal of This Investigation
To the best of our knowledge, there is no known published literature with robust data which evaluated the feasibility and impact of PMR in the ED. The main goal of this investigation was to evaluate the feasibility of PMR in the ED. Specifically, we aimed to determine the time interval of medication order verification relative to time intervals for other phases of the medication use process (order entry, dispensing, administration) in the ED. An additional goal of the investigation was to evaluate the potential impact PMR had on patient safety and quality of patient care.
Materials and Methods

Study Design and Setting
This was a retrospective cohort study designed to evaluate the feasibility and impact of PMR in the ED. The study was approved by the hospital's institutional review board. Electronic medical records (EMRs) of patients who presented to the ED at any time from September 2014 to September 2015 were reviewed. The Brooklyn Hospital Center is an urban community teaching hospital with 464 certified acute care beds. The institution is a full-service medical, pediatric, surgical, and ambulatory care provider. The ED is a level 2 trauma center with over 65 000 annual patient visits and is divided into 4 subunits-3 for adults (50 standing beds) and 1 for pediatrics (10 standing beds). At the time of the study, the ED's average daily census ranged from 150 to 200 patients. Usual staffing included 15 to 20 nurses, 10 physicians, and 1 physician assistant per shift. Twenty-four-hour pharmacy services for the ED was provided by a minimum of 1 staff pharmacist from the central pharmacy. One part-time university-affiliated clinical pharmacy educator (9 AM to 1 PM) and 1 full-time clinical specialist (11 AM to 7 PM) were also available in the ED during Mondays to Fridays. All medications that were ordered for patients under the care of the ED medical team required PMR. As per hospital policy, all medication orders entered by ED clinicians were for a 1-time dose, had to be designated as "STAT," and must be verified by a pharmacist within 20 minutes. Four automated dispensing cabinets (ADCs) were stationed throughout the ED for dispensing medications that did not require preparation from the central pharmacy. To maintain a delicate balance of safety and efficient patient care, a small number of medications that are stored in the ADCs were provided with "override status" (available for dispense prior to pharmacist verification for emergency situations; Table 1 ). To expedite patient care during medical emergencies, all medications used in adult and pediatric advanced cardiac life support were also readily available in locked containers (code boxes) near resuscitation carts located throughout the ED. Upon verification by the pharmacist, medications would be retrieved by an ED nurse and administered to the patient. Once medication administration was completed, documentation of the administration was made in the EMR by the nurse.
Selection of Participants
All nonadmitted ED patients who were prescribed medication orders by ED clinicians were included in the study. All medication orders that were evaluated had to be dispensed from an ADC located within the ED. Patients who presented to the ED with cardiac arrest and required medications from code boxes were excluded.
Outcome Measures
The primary outcome was the time interval from medication order entry by ED clinician to order verification by the pharmacist (interval 1). The secondary outcomes included time interval from order verification to dispense of medication from an ADC (interval 2), time interval from dispense of medication from an ADC to time of administration as documented in the EMR (interval 3), and the total time interval for the entire medication use process (Figure 1 ). The number of interventions conducted by the pharmacist that were accepted and cost avoidance accrued with the accepted interventions were quantified to assess the impact PMR had on patient safety and quality of care.
Data Collection and Processing
Data abstraction was conducted by 3 investigators (BS, KL, and RT) using a standardized EMR extraction form. The date, time, and type of medication that was ordered, time of order verification, and time of medication administration were extracted from the ED's EMR. The time of medication dispense was extracted from the ADCs' electronic report for medication dispense. All data were then entered into an encrypted SPSS database (version 23.0; IBM Corp, Armonk, NY, USA) by the research investigators (KL, RT, and JR).
Primary Data Analysis
Orders with missing data or medications that were dispensed on override were excluded. In addition, orders that were documented as dispensed prior to verification were excluded. Such cases may represent errors in the computer system or the use of override medications. Lastly, orders in which medication administration occurred more than 5 hours after order entry were also excluded, as it may have signaled potential errors in the computer system or incomplete documentation of data.
Descriptive statistics were used to describe the time intervals during the medication use process. After assessing the normality of the data via Kolmogorov-Smirnov tests, we investigated the median and interquartile range (IQR) at each time interval. To evaluate the potential impact PMR may have had on the overall time needed for the medication use process, we also evaluated the differences of the 3 time intervals between the pharmacist's shifts, daytime (7 AM to 3 PM), evening (3 PM to 11 PM), overnight (11 PM to 7 AM), and between the ED nursing shifts, daytime (7 AM to 7 PM) and overnight (7 PM to 7 AM). To account for the dynamic variation in patient census throughout the week and year, we also evaluated the time intervals between weekdays and weekends as well as between each quarter of the year: first quarter (January to March), second quarter (April to June), third quarter (July to September), and fourth quarter (October to December). Data on the number of pharmacist interventions accepted by the ED and its associated cost avoidance were extracted from the Department of Pharmacy's electronic documentation system (MedKeeper, Arvada, CO, USA, 2016). The documentation system is an electronicbased database which required pharmacists to manually document their intervention. The system was created to classify interventions based on the category, drug involved, or location. Potential cost avoidance was derived from the system's default formula and had been validated by our institution's administration as an acceptable reflection of the impact an intervention had on cost avoidance.
Results
During the period reviewed, we extracted a total of 9621 medication orders. We excluded 8787 orders, leaving 834 for our analysis (Figure 2) . A summary of the results is presented in Table 2 . The median time for order verification was 3 minutes (IQR ¼ 1-7 minutes). Of the 3 time intervals during the medication use process, the time from order entry to verification was the shortest. The interval which required the most time was the time needed to dispense the medication after order verification (median ¼ 20 minutes, IQR ¼ 7-45 minutes). The time intervals stratified by pharmacy shifts and ED nursing shifts are presented in Table 3 . The time interval for order verification was longer during the overnight pharmacy shift (median ¼ 5 minutes, IQR ¼ 2-9 minutes) compared to the day and evening shifts (median ¼ 3 minutes, IQR ¼ 1-6 minutes). Similarly, the order verification time interval was longer during the nighttime nursing shift (median ¼ 4 minutes, IQR ¼ 2-8 minutes) compared to the daytime nursing shift (median ¼ 3 minutes, IQR ¼ 1-7 minutes). The total time for medication use was higher during the weekdays (median ¼ 36 minutes, IQR ¼ 20-62 minutes) than during the weekends (median ¼ 32 minutes, IQR ¼ 17-55 minutes; Table 4 ). A summary of the time intervals by quarters of the year is presented in Table 5 . Order verification time was highest in the fourth quarter (median ¼ 4 minutes, IQR ¼ 2-6 minutes), while the time required to complete the medication use process was highest in the third quarter (median ¼ 39 minutes, IQR ¼ 18-66 minutes). A total of 563 interventions were recommended by the pharmacists and accepted by ED clinicians. These interventions equated to US$47 585 worth of cost avoidance. The top categories of interventions included evaluation and approval of medication 
Limitations
Several limitations should be acknowledged. This study was retrospective and single centered where data were limited to the number of patients our ED served. Various factors such as presentation of medical emergencies, variability in the complexity of each patient case, high patient volume, or shortage of staff may have impacted the results of the measured outcomes. Furthermore, although data for interval 1 and interval 2 were extrapolated from electronic databases, interval 3 depended on manual entry of data by the end user. Due to end user-implemented work-arounds, it was possible that the documented medication administration time did not reflect the true administration time. The documentation of pharmacist interventions depended on manual entry on the part of the pharmacists. During times of high patient volume, it was possible that the pharmacists were not able to document all interventions that they had conducted. We only evaluated dispenses made from ADCs as the time of dispense was not routinely documented for items that were retrieved from the central pharmacy. The economic benefits associated with the pharmacist's interventions were extrapolated from our electronic documentation software and had not been universally recognized or validated.
Discussion
Despite the limitations highlighted above, our study revealed several important findings. Our data refuted expert opinions that "PMR of ED medications would consume 15 to 30 minutes or more" as our median order verification time was 3 minutes. 20 Of the 3 intervals that we derived and evaluated from the medication use process, the time needed for medication verification was the shortest. Throughout all 3 pharmacy shifts, the median time for order verification was within 5 minutes. This turnaround time was well below our institution's policy, which requires all STAT medication orders to be evaluated and verified by pharmacists within 20 minutes. The median time needed to complete the medication use process in the ED was 35 minutes. Of interest, our data indicated that interval 2 utilized the most time during the medication use process. When we examined the data per ED nursing shift, we noted that the median time for interval 2 was 19 minutes during the dayshift and 21 minutes during the overnight shift. To further evaluate the feasibility of PMR, we presented the data by pharmacy shifts and by quarters of the year. Although the overnight shift required a longer time to verify medication orders compared to other pharmacy shifts, the difference between the medians was minimal. The median time needed for pharmacists to verify medication orders remained constant at 3 minutes when we compared orders placed during weekdays and weekends. Although the medication verification interval remained constant, the median time needed to dispense medications during the weekend (median ¼ 18 minutes, IQR ¼ 6-39 minutes) compared to weekdays (median ¼ 21 minutes, IQR ¼ 8-47 minutes) was longer. This finding was of interest as it demonstrated that other factors, other than medication verification time, may have impacted the time interval. When we evaluated the data per quarters of the year, we noted that most medication orders fell within the first (January to March) and second quarter (April to June). This finding correlated with the pattern of patient volume our ED experienced throughout the year. Interestingly, during this time period, the median time for interval 1 remained between 2 and 4 minutes. Thus, we do not believe PMR negatively affected patient care by creating delays to medication therapy. We quantified the number of interventions accepted and its associated cost avoidance to assess patient safety and quality in patient care. During the study period, the pharmacy team prospectively recommended 563 clinical interventions, which included clarification and recommendation of dose, evaluation and approval of anti-infectives, and recommendation of alternative therapy. Aside from anti-infectives, interventions made by pharmacists also involved medications such as anticoagulants, antiarrhythmics, anticonvulsants, and analgesics. These interventions accrued to a potential cost avoidance of US$47 585. Our data revealed that PMR provided an opportunity for pharmacists to ensure safety and quality of patient care. The benefits of clinical pharmacy services provided by an EDP in minimizing medication error have been described in emergency medicine and clinical pharmacy literature. 2, 8, [12] [13] [14] [15] [16] [17] [18] [19] Our study focused on the PMR process of nonadmitted patients under the care of the ED medical team. We included only these patients in our analysis because the Joint Commission's medication mandates did not require medication review by pharmacists in urgent situations when resulting delay may harm the patient or if a licensed independent practitioner controls the medication use process. As our team conceptualized and proposed the implementation of PMR in our institution, concerns raised by some ED clinicians included potential delay in medication therapy, the necessity of pharmacists' involvement in an urgent setting, and practicality of the process.
The data observed in this study suggested that PMR is a feasible process that positioned pharmacists to make positive impacts on patient care without causing delays. We found that the time intervals from order verification to medication dispense and from medication dispense to administration utilized the most time during the medication use process. It was possible that the findings of these time intervals were dependent on the availability of nursing staff and nursing-to-patient ratios within the ED. However, future studies based on a trend, observation, or historical data are needed to test this assumption. 
